within 1 km where elevations rise 300 m above the lake. At these high elevation lakes (Gem, 1 3 1 Gold Creek, Summit and Seven Lakes), lodgepole pine and other pine species are rare in the 1 3 2 areas surrounding the lakes, which indicates that any Pinus pollen found at these spruce-fir sites 1 3 3 likely comes from long-distance transport. Finally, mosaics of spruce-fir, lodgepole pine, and aspen forests surround the two lowest and dense Gamble's oak thickets, combined with spruce-fir, lodgepole, and aspen forests, grow 1 3 7 at the low-elevation forest ecotone near Hinman Lake (Table 1) . On the east of the divide, Hidden Lake is surrounded primarily by lodgepole pine and spruce-fir forests, with aspen groves 1 3 9 further upslope. The work presented here builds on previous analyses of sediment cores collected from 1 4 3 the six lakes. Calibrated radiocarbon chronologies and sedimentary charcoal stratigraphies used 1 4 4 here are the same as previously published (Calder et al., 2015) . Wildfire events, indicated by 1 4 5 peaks in the rate of charcoal accumulation within each core, were calculated using standard herbs and shrubs, and refer to the ratio between them as the conifer:herb pollen ratio (C:H) to 1 7 3 avoid confusion with the conventional arboreal:non-arboreal pollen ratio used in many 1 7 4 palynological studies. Low-elevation taxa found primarily in the surrounding intermountain 1 7 5 basins (e.g., Sarcobatus) were excluded. Lynch (1996) found that the ratio of C:H can 1 7 6 discriminate between pollen assemblages from closed subalpine forests and high elevation 1 7 7 treeless parks. At the landscape scale, which we define as the scale represented by all six study sites 1 7 9 together, we calculated the median C:H from all of the mid-and high-elevation sites (Gem Lake,
Gold Creek Lake, Seven Lakes, and Summit Lake). One challenge making comparisons between 1 8 1 pollen records arises from the age uncertainty associated with the individual sediment samples 1 8 2 from each lake. To account for the age uncertainty between lakes, we linearly interpolated each et al., 2008) . We then calculated the mean time series of the ratios for all lakes, where 1 8 6 each 65-year time step had a C:H ratio averaged across all four sites from each 2250 different 1 8 7 interpolation possibilities. We then use the median of the ensemble of four lake means, as well as 1 8 8 95 th and 5 th percentiles of the distribution, for our analysis. For the mean C:H from each lake 1 8 9 record, we evaluated the probabilities of a change point at every time step using Bayesian change Constrained cluster analysis (Grimm, 1987) was also used to evaluate changes in pollen 1 9 2 assemblages within each pollen records using taxa with > 2% representation and clusters 1 9 3 1 0 constrained to include only temporally adjacent sets of samples using the R package rioja 1 9 4 (Juggins, 2015) . The chi-square dissimilarity metric was used to create the dissimilarity matrix analyses showed the chi-square dissimilarity metric offered the best separation of dissimilarity 1 9 7 among forests types across our study area (Calder & Shuman, 2017) . We compare the timing of 1 9 8 the large fires within the study area to the timing of breaks between clusters with the expectation with the fossil samples from all six pollen records in the same matrix without age information. To do so, we used the chi-square dissimilarity and the same taxa list as the constrained cluster 2 0 4 analysis. Previous work using a network of pollen surface samples from the area showed that treeline were distinguishable from ribbon forests (Calder & Shuman, 2017) . Therefore, we used 2 0 7 the first three clusters from the unconstrained cluster analysis to determine the distribution of the 2 0 8 major vegetation types through time across the network of sites. Elevational differences between the pollen source areas of each lake appear to affect the 2 1 3 pollen assemblages . Summit Lake (Fig. 4b) , which is functionally the highest site as the broad plateau allows for the greatest amount of ribbon forests, contains high Picea (>20%) and Artemisia (>40%) and low Pinus (<40%) pollen percentages. The records from the sites near Summit Lake and the low Picea (<10%) and Artemisia (<20%) and high Pinus (>50%) pollen Hinman lakes also contain the highest percentages (~5%) of Quercus pollen (Fig. 6 ).
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In most of the pollen records, however, changes in Pinus, Picea, and Artemisia pollen percentages declined towards the top of each core at all sites, except for Hidden Lake, and 2 2 6
Artemisia pollen percentages increased as Pinus declined. At Hidden Lake, Pinus and Artemisia 2 2 7 percentages varied through time, but with no consistent trend ( Fig. 6a ). Several of the sites, 2 2 8 particularly Seven and Gold Creek lakes, also contain peaks in Quercus pollen percentages at ca. At Summit Lake, Picea pollen percentages declined from >25% to <10% in the last 1000 2 3 1 years, especially after a sharp rise in Artemisia pollen percentages to >30% at 987 BP associated 2 3 2 with the local expression of the large fires (plus symbols within the red bar, Fig. 4b ). The At Seven Lakes, important changes also include a sharp decline in Picea pollen 2 3 7 percentages to <10% from >15% by 1132 BP when two charcoal peaks represent the local 2 3 8 expression of the extensive fires (plus symbols within the red bar, Fig. 4a ). As at Summit Lake, a 2 3 9 1 2 brief peak in Pinus pollen percentages, which reached >50%, preceded the decline at Seven 2 4 0 Lakes (Fig. 4) . The changes produced a shift in the mean C:H from 1.5 to 1 that distinguishes the 2 4 1 periods before and after ca. 1000 BP and a 0.98 change point probability beginning at 1235 BP 2 4 2 in the interpolated C:H. Changes at Gem Lake include a decline in Pinus pollen percentages from >40% to ~30% 2 4 4 at ca. 1000 BP in association with the charcoal peaks representative of the large fires (plus 2 4 5 symbols within the red bar, Fig. 5a ). Like the highest elevation sites, Summit Lake and Seven Lakes, Pinus pollen percentages at Gem Lake reached their maximum just before that decline. Artemisia rose subsequently and obtained its local maximum after 780 BP. Hidden and Hinman lakes, and therefore, represents mixed forests of lodgepole, aspen, spruce, The opening of the forests at most sites began sharply at the time of the fires at each site 3 0 9 (Figs 4 -7) , but the cluster analysis indicates that only the vegetation changes at Summit Lake 3 1 0 exceeded the differences between elevational zones today at that time (Fig. 8 ). The continued 3 1 1 trend toward increased Artemisia and reduced conifer pollen percentages (e.g., Fig. 7c ) was 3 1 2 required before Gem and Gold Creek lakes shifted from one cluster to another during the LIA 3 1 3 ( Fig. 8) . Thus, the ribbon forest cluster became widespread by ca. 500 BP, even though it had 3 1 4 been rare prior to 1000 BP. Indeed, the Seven Lakes record extends to >4000 BP and Summit 3 1 5
Lake extends to >2800 BP, but neither lake contains samples that cluster with the ribbon forests 3 1 6
around Summit Lake today before ca. 2000 BP. Even then, the ribbon forest cluster only 3 1 7 registers intermittently at Summit Lake from 2000 -1000 BP, when regional isotopic datasets Mast, 2015), and it only becomes important across the landscape after 1000 -500 BP (Fig. 5) .
The pollen source area of Seven Lakes never became dominated by ribbon forest, but during the Gem and Gold Creek lakes (Fig. 5 ). The pollen data support our first hypothesis that large fires can trigger vegetation changes with legacies that persist across the landscape. Climate trends, such as cooling that culminated in 3 2 8 the LIA after ca. 650 BP (Fig. 7a) , played a first-order role in shaping forest composition (Calder and Shuman, 2017) and determined the time when the modern patterns of forest types developed. Ribbon forests, for example, became most extensive during the LIA (Fig. 8) . At nearly all the Medieval wildfires (Fig. 7b ) accelerated a decline in tree cover (Fig. 7c ) even though warming at 3 3 5 the time (Fig. 7a ) may have initially favored an expansion of forest cover (Fig. 7c) , often The vegetation changes ca. 1000 years ago also produced pollen assemblages without 3 4 0 many earlier analogs. The cluster of pollen samples that today includes samples from the modern 3 4 1 ribbon forest at Summit Lake only became important across the landscape in the last millennium 3 4 2 ( Fig. 8) , indicating that the vegetation patterns first began to develop a modern configuration in pollen percentages there by ca. 700 BP (Fig. 6b) .
The apparent vegetation legacies of the fires persisted far longer than expected if only persistence of the changes may, instead, reflect the effects of regional climate changes after the also represent a response to warming (Figs 4a and 5b) . The long-distance dispersal of pollen populations expanded upslope, especially into south facing microsites, as the landscape warmed. Increased effective moisture during the last millennium may have also been a factor in their high-elevation lakes over the last millennium may have also favored the deposition of remotely 3 9 0 dispersed oak pollen. ca. 500 BP (Fig. 8) . Increases in Artemisia pollen percentages at sites like Hinman Lake ( Fig.   4  0  0 6b), however, illustrate that the forests also opened in other ways after the fires, such as through The recovery of Pinus pollen percentages after the sharp fire-related minimum at Gold 4 0 3
Creek Lake (red bar, Fig. 5b) indicates that some successional recovery followed the fires. In 4 0 4 fact, the response at Gold Creek Lake first includes a peak in the percentages of Artemisia and 4 0 5 herbaceaous taxa at ca.1100 BP, then a brief maximum in Pinus pollen percentages, and finally 4 0 6 an increase in Picea pollen percentages, which is not unlike the successional sequence in these 4 0 7 forests today. The apparent successional recovery at Gold Creek Lake culminated, however, in a 4 0 8 lower C:H ratio than observed before the wildfires (Fig. 5b) . At Hidden Lake, the shift toward an open forest was not persistent and may also be consistent with its elevation, where neither high-4 1 0 elevation low temperatures nor winter temperature inversions in low-elevation areas would have 4 1 1 been a factor (Fig. 6a) . Also, the fires may have been less severe near Hidden Lake than in other 4 1 2 areas. studies have attempted to understand the effects of wildfire on century to millennia time scales 4 1 8 across a variety of biomes (Clifford & Booth, 2015; Green, 1982; Nelson, Hu, Grimm, Curry, & 4 1 9 Slate, 2006; Umbanhowar, 2004) . However, in multiple subalpine ecosystem studies, no aridity changes in the western United States. Science (New York, N.Y.), 306(5698) , 1015-8. Faegri, K., Kaland, P. E., & Kzywinski, K. (1989) . Textbook of pollen analysis. New York, New Girardin, M. P., Ali, A. a, Carcaillet, C., Blarquez, O., Hély, C., Terrier, A., … Bergeron, Y. of Biogeography, 9(1) , 29-40. rates. Proceedings of the National Academy of Sciences USA, 111(38) , 13888-13893. National Academy of Sciences USA, 106, 19685-19692. doi:10 .1073/pnas.0901644106 5 8 0 , S. (2015) . rioja: Analysis of Quaternary Science Data. R package wersion 0.9-5. Recent burning of boreal forests exceeds fire regime limits of the past 10,000 years. 
Juggins
